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Overview 

IC  1  covers  an  area  of  55  acres  in  the  central  portion  of  OU  B,  as  shown  in 

figure  2-1.  The  area,  shown  in  more  detail  in  figure  2-2,  consists  of  three  * 

confirmed  sites  and  a  Potential  Release  Location  (PRL):  Site  36,  Site  47,  Site  48, 

and  PRL  L-5D  (also  identified  as  SS036,  OT045,  WP046,  and  OT162, 

respectively)  A  variety  of  industrial  activities  have  occurred  in  the  past,  as 

summarized  in  table  2-1. 

Significant  amounts  of  data  have  been  collected  in  recent  sampling  campaigns  ^ 

at  IC  1,  including  geologic  data  and  chemical  analyses  of  the  soil  and  soil 

gas  (Radian,  1993a).  These  data  have  been  analyzed  to  identify  the  various 

sources  of  contamination  in  1C  1,  to  model  the  subsurface  lithology,  to 

model  the  dispersion  of  the  contaminant  plumes,  and  to  outline  an  SVE 

recovery  system.  I 

The  effort  to  identify  various  sources  and  to  separate  them  from  one  another 
was  initiated  with  visual  inspection  of  raw  data  and  was  follorred  by 
contouring  and  three-dimensional  modeling  of  the  geology  and  contamination. 

These  analyses  and  modeling  efforts  led  to  the  identification  of  the  following 

zones  of  contamination:  | 

•  1  ne  main  plume,  under  the  degreaser  and  hard  chrome  pits  (Site  47), 
which  contains  the  highest  concentrations  of  volatile  organic  compounds 
(VCCs)  and  most  of  the  contaminant  mass  in  IC  1 

•  VOC  contamination  along  the  industrial  waste  Une  that  is  separate  from  the  * 

main  plume 

•  A  small  local  zone  of  elevated  VOC  contamination  ,iorth  of  Site  36 

•  A  separate  plume  of  freon  113  (PC113)  and  other  VOCs  south  of  Site  47  ^ 

Based  on  this  analysis,  the  plume  at  Site  47  Is  recommended  for  removal 
action;  most  of  the  subsequent  discussion  is  focused  on  Site  47. 

Data  from  recent  soil  borings  were  used  to  develop  geologic  models,  which 

are  needed  to  generate  estimates  of  tout  VOC  mass  in  soil  and  to  assist  in  the  I 

design  of  the  extraction  system.  Pour  silt  and  three  ,**nd  bodies  were 

identified  throughout  most  of  the  contaminated  ares.  The  soil  bnnngs  also 

p'ovided  information  on  the  concentration  of  contaminants.  Soil  gas  data  are 

used  in  preference  to  duect  soil  measurements  of  VOCs,  as  outlined  In 

McAFB's  Soil  Gas  Consensus  Statement  (HI,  1992).  The  geological  model  was 

integrated  with  the  contaminant  plume  model  to  estimate  (he  maw  of  I 
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contaminant,  which  relies  an  the  assumption  that  the  gaa,  liquid,  and  solid 
pluses  are  in  equilibrium.  Aa  Bated  in  the  Soil  Gas  Consensus  Statement,  the 
accuracy  of  estimating  soil  VOC  concentrations  using  soil  gas  data  has  not 
been  verified.  McAFB  has  initiated  limited  studies  to  compare  oofiocased  soil 
gas  and  soil  samples  that  are  specially  preserved  in  the  field.  Results  from 
these  studies  may  require  modifications  to  the  equilibrium-based  approach  to 
mass  estimating  being  used  at  this  time,  ft  is  known  that  this  equilibrtum- 
based  ma.vs  calculation  underestimates  the  mass  in  the  tones  where  there;  is 
free  product,  based  on  the  conclusions  of  this  analysis,  it  appears  to 
overestimate  the  mass  in  vapor-dominated  zones 

Get  statistical  analysis  was  applied  to  develop  a  model  of  contaminant 
distnlxmon  in  ’lie  main  plume,  'ihe  model  suggests  that  there  is  a  core  of 
contamination  (currently  not  sampled)  that  extends  from  the  surface  to  the 
water  table  about  feet  below  ground,  and  that  the  core  could  contain 
dissolved  Vf'tC.%  a  nd  free  product  VOCs.  Emanating  from  this  core  zone  is  the 
remainder  ot  the  observed  contamination  in  a  gas  phase,  which  appears  to 
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have  Veen  dispersed  by  diffusion  outward  from  the  core  rone  It  does  not 
appear  that  the  ohaerved  toil  types  have  a  strong  influence  on  the  aoil  gas 
concentration  or  its  distribution 

Ttv  models  for  lithology  and  the  contaminant  phmv*  and  aoil  gas  permeability 
data  'Radian,  1993b)  indicate  that  the  existing  extraction  well  near  the 
periphery  of  the  suspected  core  rone  of  contamination  can  be  used  for  $VE 
removal  of  VOCs  In  addaion.  future  set  ions  could  teat  a  hypothesis  that 
existing  wells  screened  over  large  intervals  (ftO  to  80  feet)  and  located 
peripheral  to  the  wmree  would  be  effect  be  in  permanently  removtig 
contamination  in  vapor-dnmuuted  areas  away  from  the  <>*e  zone. 

Investigation  Result* 

A  loial  rif  HH  soil  boring*  within  and  adjacent  to  Sues  36,  47,  and  48  were  made 
lirfore  1992.  as  inditated  in  utile  2  2  Thia  analysis  uses  data  from  these  pce- 
1992  t»  inngs  only  in  a  qualitative  fashion  and  does  not  rely  on  M  to  model 
sidnMjrf.il  e  geology  or  contaminant  distribution.  Tnt  amis  information  from 
these  f* Kings  was  reported  using  a  different  cloasiflcation  scheme  than  (hot 
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used  in  more  recent  investigations,  so  the  .wo  soil  data  sets  could  not  be 
combined  directly  Analytical  data  were  not  useful  because  there  were  no 
rju-antitative  soil  gas  measurements  taker,  before  1992. 

Another  82  iKirings  were  drilled  in  1992  and  1993,  generating  soils  information 
and  soil  gas  data  tha»  were  used  to  develon  tl<e  models  that  follow.  t  ( 

In  the  vicinity  of  1C  J.  downgrading  groundwater  montor  wells  (four  in  the 
A  zone,  and  one  each  in  the  B  and  C  zones)  and  fair  Hydropunch  samples 
(collected  around  the  periphery  of  the  S*e  47  concrete  foundation  in  the 
A  zo.  ,e>  indicate  that  groundwater  a  contaminated  primarily  by  trichlnro- 

ethene  (TCE),  utrachkiruethene  (PCE),  and  chlorof  irm.  Baaed  on  data  4 

collected  since  1986,  ’.he  follow  g  A- zone  concentrations  have  been  ic ported 

ms  detected  to  3.300  Mg/l.  for  TOE,  not  detected  to' 370  (lg/l  for  PCE.  and  not 

detected  to  I  8  tig/  L  for  chloroform.  One  HydropCmch  sample  contained 

8.200  gg/1  of  TCE.  In  the  B  zone,  TCE  was  reported  once  at  the  detection  limit 

of  0  2  >tg/L.  and  in  the  C  zone,  TCE,  PCE.  and  chloroform  were  all  repotted  at 

leas  than  1  gg/l  from  one  round  of  sampling.  ’ 

The  nearest  upgradient  monitor  welb  are  located  about  1.100  feet  northwest  of 
IC  i  Groundwater  from  these  wells  primarily  contains  TCE  (not  detected  to 
7  1  pg  L),  methylene  chlonde  (not  detected  to  4  9  IMPlJ.  and  1,  2-DCE  (not 

detected  to  4  9  gg,  L)  ui  the  A.  B,  and  C  zones  High  tod  gas  cnntammsnt  I 

concentrations  in  the  vadose  zone  are  present  to  the  water  tabic  at  IC  1  It  is 
therefore  likely  that  IC  !,  and  particularly  Site  47,  it  a  source  area  contributing 
to  grounifwate:  contamination  beneath  UU  B 
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Soii  gas  pen’.ic  ability  tests  we.r  performed  in  IC  1  and  !C  7  of  OU  B. 
Information  obtained  will  be  used  to  support  the  design  for  the  SVE  system. 
Results  of  soil  gas  permeability  testing  (Radian,  1993b)  indicate  the  following: 

•  Mean  permeability  for  all  piezometer  nests  is  about  38  darcies. 

•  There  is  little  apparent  difference  in  permeability  between  silts  and  sands 

a:  1C  1 

•  The  average  radius  of  influence  calculated  for  well  VW- 1  is  266  feet. 

•  The  presence  of  the  concrete  foundation  and  asphalt  pavement  (acting  as  a 
vapor  barrier)  greatly  extends  the  radius  of  influence  around  well  VW-1. 

Soil  gas  samples  were  quantitatively  analyzed  by  several  methods  including 
FPID  (field  gas  chromatography  (GC)  using  a  photo  ionization  detector),  FECD 
( field  GC  using  an  electron  capture  detector),  SGVOC  (field  GC  using  both 
detectors),  and  EPA  method  TO-14  (GC/MS  off-base  laboratory  full  scan). 
Method  TO-l-»  was  used  to  investigate  the  most  complete  spectrum  of 
compounds  m  ten  samples  collected  throughout  IC  1  and  was  used  on 
duplicate  samples  to  validate  the  other  methods. 

The  results  of  the  soil  gas  sampling  from  the  1992/93  phase  I  and  II  field 
efforts  are  summarized  in  tables  2-3a  through  2-3d.  Of  the  48  analytes  looked 
for.  31  were  never  detected  (tables  2-3e  and  2-3d),  8  were  rarely  detected 
( defined  as  being  observed  in  less  than  10  percent  of  analyzed  samples),  and 
were  detected  commonly  (table  2-3a),  regardless  of  analytical  method, 
t  d identified  analytes  (UNKs)  are  excluded  from  this  tally.  The  most 
commonly  observed  compounds,  and  those  with  the  highest  concentrations, 
are  chlorinated  VOCs. 

A  quality  review  has  been  performed  on  the  phase  1  chemical  analysis  of  soil 
gas  data  used  (Radian,  1993a).  Based  on  quality  control  sample  results,  it  was 
concluded  that  the  data  are  valid,  with  some  exceptions.  For  the  field 
laboratory  determinations,  the  quality  was  judged  to  be  within  the  acceptance 
criteria  for  screening  of  volatile  compounds  in  soil  gas. 

For  the  TO- 14  results,  quality  was  judged  to  be  within  the  acceptance  criteria 
for  the  analysis  of  volatile  compounds  in  soil  gas  by  that  method.  The  TO-14 
resuit.s  can  be  used  for  confirmation  of  field  laboratory  soil  gas  results,  and  to 
identify  non-target  analytes 

Vmyl  chloride  (VC)  was  commonly  detected  during  the  first  phase  of 
investigation  using  the  FPID  method.  The  phase  I  data  assessment  (Radian, 
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1993a)  indicates  that  VC  was  misidentified  (second  column  GC  conformation 
was  not  performed)  and  that  all  reported  values  are  qualified  as  unusable. 

However,  VC  results  reported  as  not  detected  are  accurate.  In  ten  samples 

analyzed  bv  method  TO-14,  VC  was  riot  detected  above  the  method  detection  * 

limit  of  1.400  ppbv  (MVC  in  table  2- 3d).  Based  on  these  observations,  it  is 

assumed  that  the  positive  VC  results  reported  under  the  method  FPID  are  false 

positive  results  Field  GC  determinations  of  VC  for  phase  II  samples  also  were 

qualified  as  unusable  (Radian,  1993a). 

During  phase  I,  freon  113  was  correctly  identified,  but  quantification  was 
inaccurate;  all  phase  I  results  are  qualified  as  estimated  (Radian,  1993a). 

The  phase  II  quality  assurance/quality  control  report  is  pending. 

Geologic  Data  Interpretation  1 

McAFB  is  underlain  by  a  thick  sequence  of  sand-,  silt-,  and  clay-sized 
sediments  as  well  as  mixtures  of  these  fine  and  coarse  materials.  The  deposits 
were  laid  down  by  streams,  and  there  arc  considerable  variations  in  sediment 
character  both  horizontally  and  vertically.  Overall,  there  is  a  complex  pattern 

of  mterfingering  and  overlapping  bodies  of  rapidly  changing  coarse-  and  fine-  ► 

grained  sediments  that  are  sometimes  difficult  to  correlate  between  boreholes. 

As  a  result,  the  sequence  of  interpreted  sedimentary  units  and  the  proportions 
of  fine-  and  coarse-grained  sediments  at  IC  1  cannot  be  extrapolated  to  other 
sites  at  McAFB. 

At  IC  1 ,  the  sequence  of  alternating  sediments  consists  primarily  of  sands  * 

ranging  from  fine-  to  coarse-grained,  silty  sands  that  are  generally  closely 

associated  with  sands,  silts,  and  minor  day  bodies  that  are  too  small  and 

discontinuous  to  be  interpreted.  Four  distinct  and  laterally  continuous  bodies 

of  silt  and  three  bodies  of  sand/silty  sand  have  been  identified,  as  illustrated  in 

figure  2-3  The  silt  bodies  appear  to  be  more  continuous  horizontally  than  the  I 

sand  bodies,  and  there  are  indications  that  the  silt  bodies  merge  and  become 

more  continuous  vertically  near  the  western  boundary  of  1C  1  (left  side  of 

figure  2-3)  Soil  gas  permeability  measurements  indicate  little  difference  in 

results  between  silt  and  sand  (Radian,  1993)  The  effectiveness  c(  VOC 

removal  within  and  between  different  lithologic  units  is  unknown.  Differences 

between  units  may  impact  the  design  of  the  SVE  system.  However,  any  impact  I 

needs  to  be  evaluated  by  SVE  operations  before  conclusions  can  be  reached. 

As  modeled,  silts  constitute  approximately  51  percent,  silty  sands  about 
15  percent,  and  sands  about  30  percent  by  volume  of  the  sediments  below 
IC  1  The  remaining  4  volume  percent  is  associated  with  unidentified  soil 

types  which  generally  are  found  at  or  near  the  surface.  Due  to  the  difference  * 
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in  the  degree  to  which  data  can  be  extrapolated,  the  geologic  volume  modeled 

is  much  smaller  than  the  modeled  volume  for  soil  gas.  To  estimate 

contaminant  mass,  soil  type-specific  volumes  (volumes  of  lithologic  units)  are 

needed.  For  these  estimations,  it  is  assumed  that  similar  percentages  of  * 

various  soil  types  extend  throughout  1C  1,  although  the  geologic  model  is 

significantly  smaller  than  the  1C  1  boundaries.  The  percentages  derived  from 

this  geologic  model  will  therefore  be  used  to  calculate  contaminant  mass,  and 

the  stratigraphic  succession  of  various  soil  bodies  will  be  used  in  the  fate  and 

transport  model  (VAPOUR-T).  I 

Soil  Gas  Data  Interpretation 

Information  from  soil  gas  sampling  was  interpreted  in  two  steps: 

•  Raw  concentration  data  for  individual  compounds  and  total  soil  gas  VOC  ) 

concentrations  (sum  of  all  reported  compounds)  were  reviewed  at  several 

depths  to  identify  various  zones  of  contamination. 

•  Geostatistics  and  concepts  of  spatial  continuity  were  applied  to  interpolate 
and  extrapolate  from  the  available  data. 

Interpretation  of  raw  and  contoured  concentration  data  has  identified  four 
potential  sources  within  1C  1. 

A  large  soil  gas  plume  (hereafter  referred  to  as  the  main  plume)  has  been 
identified  under  the  degreaser  and  hard  chrome  pits  at  Site  47.  The  results  of 
modeling  the  total  VOC  plume  are  shown  in  figure  2-4,  which  indicates  the 
extent  of  the  main  plume.  Concentrations  in  figure  2-4  are  displayed  for  an 
elevation  of  60  feet  above  sea  level  (about  3  feet  below  ground);  the  nearest 
actual  field  data  were  collected  at  an  elevation  of  about  43  feet. 

Another  separate  zone  of  contamination  is  the  Industrial  Waste  Line  OWL)  at  p 

PRL  L-5D  along  the  western  boundary  of  IC  1.  As  indicated  in  figure  2-5, 
borings  located  between  the  IWl  and  Sites  36.  47,  and  48  contain  very  little  or 
no  contamination  in  soil  gas.  The  contamination  centered  on  Site  47  appears 
to  be  separate  from  contamination  associated  with  the  IWL 

A  third  area  of  contamination  is  indicated  along  the  southern  boundary  of  1C  1,  I 

where  commingling  of  contamination  from  Site  47  and  the  IWL  cannot  be 

separated.  The  distribution  of  freon  113  (FC113)  indicates  that  a  source  for 

this  contamination  may  exist  south  of  the  IC  1  boundary.  The  concentration  of 

FC113  decreases  toward  the  north  in  the  direction  of  the  center  of 

contamination  originating  at  Site  47.  whereas  the  concentration  of  both  TCE 

and  PCE  decreases  uniformly  toward  the  south.  * 
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A  fourth  area  of  conta miration  might  exist  just  outside  the  northern  boundary 
of  Sre  36.  where  two  boreholes  contain  locally  elevated  total  VOC 
concentrations,  and  surrounding  borings  contain  Hole  or  no  contamination  at 
an  elevation  of  43  feet 

Ail  four  potential  source  areas  are  shown  in  plan  view  In  figure  2-6.  The 
conclusions  regarding  separation  of  potential  source  areas  were  developed  on 
the  basis  of  analyses  of  four  individual  constituents:  TCL,  PCE,  PCI  13,  and 
DCE12C.  Isoconcentration  results  for  these  analytes  are  shown  in  figures  2-4, 
2-7  a-d.  and  2-9  These  results  are  based  on  three-dimensional  distributive 
rr  odeling  chat  incorporates  information  from  actual  data  points  located  above, 
below,  or  laterally  away  from  the  node  for  which  a  concentration  is  calculated. 
Therefore.  at  the  lower  elevations,  with  fewer  actual  data  points  (for  example 
•,n  f'Ture  2-7a  at  an  elevation  of  -27  feet),  concentration  estimates  are  still 
possible  using  data  from  samples  at  shallower  depth.  Supporting  information 
and  analytical  results  for  each  of  these  constituents  follows. 

TOE  Figure  2-7a  indicates  that  at  isoconcentrauons  of  1  and  20  ppmv, 

the  TCF.  plume  at  all  depths  is  elongated  in  the  northeast-southwest 
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direction.  The  elongation  towards  the  northeastern  end  of  the 
plume  may  result,  in  pan,  from  the  overlap  of  two  plumes 
Likewise,  elongation  in  the  southwestern  direction  may  be  the 
result  of  commingled  contamination  from  the  fWL,  the  main  plume 
at  Site  47,  and  the  plume  suggested  by  the  PCI  13  contamination  at 
the  southern  edge  of  IC  1. 

Concentration  gradients  for  TCE  away  from  the  center  of  the  main 
plume  at  constant  elevation  are  steep,  changing  about  500  pprnv 
over  a  distance  of  100  feet.  In  the  vertical  direction,  the  highest 
concentrations  near  the  center  of  the  main  plume  are  constant  to 
about  50  feet  and  then  drop  from  an  average  of  about  1,000  ppmv 
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at  so  tcet  to  about  "SO  ppmv  at  90  feet.  The  area  inside  the 
luO  ppmv  isoconcentranon  line  is  about  1.4  acres,  while  the 
20  ppmv  area  exceeds  3  0  acres. 

PCE  The  PCE  plume  shown  in  figure  2- 7b  is  more  symmetrical  than  the 
TCE  plume.  At  an  isoconcentration  of  1.000  ppmv,  the  PCE  plume 
covers  a  larger  area  than  does  the  1,000  ppmv  TCE  plume. 

f-C.il  3  As  shown  in  figure  2-7c.  FC113  (estimated  concentration)  is  present 
sf>  iradicallv  at  low  concentrations  m  the  northern  two  thirds  of 
1C.  1,  but  it  forms  a  cohesrve  pattern  towards  the  south.  This 
finding  suggests  a  porenual  source  south  of  the  IC  1  boundary 
where  FC113  concentrations  reach  well  over  100  ppmv.  The  FC113 
distribution  at  the  south  boundary  is  defined  only  to  a  depth  of  the 
deepest  sample  location,  31  feet  below  ground. 

DOE12C  Although  DCE12C  never  reaches  very  high  concentrations 

t  maximum  of  3  b  ppmv).  analysis  of  this  constituent  is  important 
tx-cu- ise  its  dispersion  pattern  within  1C  1  is  different  from  the  other 
common  VOCs  This  is  important  in  understanding  separation  of 
sources  The  highest  concentrations  of  DCE12C  in  IC  1  are 
ass*  K.nied  with  the  nonhem  two  thirds  of  the  IWL,  as  indicated  in 
figure  2  H  This  observation  helped  identify  the  IWL  as  a  separate 
v>ur<  e  area  and  led  to  investigations  of  other  constituents  In  the 
mum  plume,  the  higiiest  DCE12C  concentrations  are  north  of  the 
center  for  the  TCE  and  PCE  plumes.  The  qualitative  nature  of  this 
interpretation  is  further  emphasized  by  the  observation  that 
DCEI2C  was  never  detected  by  the  TO- 14  analyses. 

Once  ,r  was  recognized  that  the  main  sod  gas  plume  centered  on  Site  47  was 
se  pa  rare  and  distinguishable  from  most  of  the  contamination  along  the  IWL. 
data  from  the  northern  portion  of  the  IWl  were  excluded  from  subsequent 
development  ot  geostatistical  models.  However,  a  localized  anomaly  just  north 
<  >1  sue  V.  has  heen  included  in  the  present  model 

Oeostatistical  analyses  were  performed  for  TCE,  PCE,  and  total  VOCs.  The 
results  of  the  total  VOC.  modeling  are  shown  in  figures  2-7d  and  2-9  and 
observations  on  the  mam  plume  are  summarized  below: 
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•  M'  deling  < A  the  mam  plume  below  the  degrraser  and  hard  chrome  pus  at 
site  •»“  indicates  dial  contaminants  in  the  *otl  gas  plume  are  dispersed  in  a 
tegular  partem  laterally  away  from  a  source  column  at  contamination 

•  Near  rhe  center  of  the  plume  where  the  total  VOC  concentration  is  greater 
than  VK)  ppmv,  vertical  zonation  of  contamination  m  pronounced  In  this 
portion  of  the  plume  the  dupes  of  uoroncentration  Rirface*  resemble  a 
molar  !<ai«h  with  nested  shells  of  successively  lower  concentrations  as 
depth  and  distance  increase  away  from  the  presumed  surface  source 

•  A  /one  where  total  VOC  t tint cn'rauon  exceeds  V)00  ppmv  Ivxtorn*  out  at 
j'*-ut  Si i  to  so  fret  below  ground,  out  m  at  least  one  rote  of  the  molar 

d  j pc  <  ont  minium*  exceeding  l  VO  fjprrrv  are  to  lie  found  down  to  the 
wate*  tahk  as  mdnated  fry  the  model 
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•  The  core  of  the  main  plume  is  expected  to  be  relatively  small,  and  it  may 
contain  VOCs  both  dissolved  in  water  and  as  free  product.  This  core  zone, 
which  may  be  less  than  50  feet  in  diameter,  has  not  been  sampled. 

Additional  observations  can  be  made  by  investigating  the  spatial  continuity  of 
the  VOC  data: 


•  A  plot  of  raw  total  VOC  concentration  data  against  distance  from  an 
assumed  plume  center  reveals  the  regular  pattern  of  decreasing 
concentration  shown  in  figure  2-10.  There  is  a  noticeable  rapid  and 
regular  decline  in  concentration  horizontally  away  from  the  suspected 
source. 

•  The  change  in  concentration  with  distance  from  the  source  appears  to  be 
independent  of  the  soil  types  from  which  the  soil  gas  sample  was 
collected.  Soils  included  silt,  sandy  silt,  silty  sand,  and  sand. 

•  The  geostatistiral  analysis  suggests  that  soil  gas  distribution  can  be 
represented  by  a  model  that  is  homogeneous  with  respect  to  direction 

•  There  is  a  nearly  vertical  configuration  of  isoconcentration  surfaces  that 
trend  across  the  various  silt  and  .sand  units. 

These  observations  suggest  that  contaminants  were  dispersed  by  diffusion  from 
a  central  core  below  the  surface  disposal  location.  If  vapor-state  diffusion  was 
the  mode  of  dispersion,  then  most  of  the  mass  of  contamination  may  still  be 
present  in  the  soil  gas,  with  lesser  quantities  dissolved  in  retained  interstitial 
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water  that  comes  in  contact  with  the  soil  gas,  and  a  small  quantity  sorbed  to 
soil  particles  in  contact  with  contaminated  interstitial  water.  That  the  sorbed 
component  of  the  total  mass  of  a  contaminant  should  be  small  is  also  indicated 
by  the  absence  of  detectable  quantities  of  total  organic  carbon  (detection  limit 
is  0.1  percent)  in  the  sediments  below  IC  1. 

Three  sand  and  four  silt  bodies  have  been  identified  below  Site  47,  but  no 
significant  relationship  between  lithology  and  the  dispersion  of  contaminants 

can  be  recognized  in  the  vertical  or  horizontal  directions.  However ,  this  does  9 

not  unply  that  tiiere  will  be  no  significant  impact  from  the  various  lithologic 
units  on  the  removal  of  VOCs  by  SVE. 

To  test  the  hypothesis  that  most  of  the  VOC  contamination  outside  the  core 
zone  may  be  present  only  in  the  soil  gas,  an  extraction  test  could  be 

performed  in  one  of  the  existing  wells  that  is  located  away  from  the  center  • 

of  the  plume  (VW-8,  VW-9,  VW-10,  VW-11  or  VW-12  in  figure  2-11).  If 
contaminant  concentrations  decline  quickly  during  extraction  and 
concentrations  do  not  build  up  significantly  after  a  period  of  quiescence,  then 
it  could  be  argued  that  contamination  is  present  predominantly  in  soil  gas. 


I 


Figure  i  ll 

L'kcUuiti  of 
Extraction 
VTells  in 
Relation  to  the 
Distribution  of 
Total  l  OV 
(pprri) 


» 


I 


I 


I 


» 


20 


SITE SPEOF1C DOCUMENT  Cl 


Engiruenttg  Evaluation -Cost  Analysts 


Section  2 


Test  results  could  be  used  for  several  purposes: 

•  Influence  the  selection  of  future  EE/CA  sites 

•  Demonstrate  that  cleanup  can  be  accomplished  quickly  for  the  largest 
portion  of  the  plume  outside  the  core  zone 

•  Suggest  modifications  in  the  design  and  spacing  of  extraction  wells  at 
future  sites 

Contaminant  Mass  Calculations 

Contaminant  mass  can  be  estimated  for  individual  compounds  using  the  soil 
gas  concentration  of  an  analyte  based  on  the  assumption  that  in-situ 
equilibrium  exists  among  the  gas.  liquid,  and  solid  phases.  The  equation 
requires  the  additional  parameters  listed  in  table  2-4  and  volumetric  estimates 
of  soil  types  present.  At  1C  1,  distributed  averaged  concentrations  for  the  main 
plume  were  found  for  TCE,  PCE,  and  total  VOC  (including  unknowns);  the 
results  art  shown  in  table  2-5. 

Average  concentrations  of  TCE  and  PCE  present  in  the  soil  gas  above  a 
concentration  cutoff  of  1  ppmv  (table  2-5)  were  then  used  to  calculate 
concentrations  in  two  soil  types.  Because  of  data  limitations  (total  organic 
carbon  was  not  detected  above  the  detection  limit  of  0.1  percent),  contaminant 
mass  calculations  were  made  for  silt  and  sand,  where  sand  includes  silty  sands 
and  all  other  intermediate  mixtures.  Total  soil  mass  estimates  for  each  soil 
type  were  derived  by  apportioning  the  total  volume  of  soil  that  corresponds  to 
the  average  concentration  into  silt  (51  percent)  and  sand  (49  percent)  and 
converting  to  mass  using  reported  bulk  densities  for  these  two  soil  types. 

The  estimated  total  mass  of  PCE  plus  TCE  in  soil,  based  on  equilibrium 
calculations,  equals  about  1,425  kg  (3,100  pounds).  Nearly  90  percent  of  the 
mass  of  each  compound  in  silt  and  about  80  percent  of  the  mass  in  sand  is 
calculated  to  occur  in  the  liquid  and  solid  phases.  Assuming  that  in  the  vapor- 
dominated  portion  of  the  plume  the  mass  of  TCE  or  PCE  inside  the  1  ppmv 
isoconcentration  surface  represents  essentially  100  percent  of  the  dispersed 
contamination,  fractions  of  total  mass  at  different  cutoffs  can  be  calculated; 
these  calculations  are  shown  in  table  2-6.  The  mass  of  both  TCE  and  PCE  is 
reduced  by  about  10  percent  if  the  cutoff  is  changed  from  1  to  100  ppmv. 

These  mass  calculations  in  the  vapor-dominated  portion  of  the  plume  may 
overestimate  the  conumira  tion  for  two  reasons:  overcsr imation  of  total 
organic  carbon  and  effective  water-filled  porosity  Total  organic  carbon  was 
not  detected  in  any  sample  above  the  detection  limit  of  0.1  percent.  However, 
in  order  to  calculate  mass,  values  of  0. 1  percent  for  silt  and  0.03  percent  for 
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Table  2-5 

IC1  Soil 
Volume 
Estimates  and 
Average  Soil 
Gas 

Concentrations 


sand  were  used  to  estimate  the  sorbed  component.  Calculations  suggest  that 
about  36  percent  of  the  total  TCE  plus  PCE  mass  is  associated  with  the  sorbed 
component.  Moreover,  this  conclusion  is  relatively  insensitive  to  the 
assumptions  about  total  organic  carbon. 

About  50  percent  of  the  total  TCE  plus  PCE  mass  is  derived  from  the  liquid 
component  in  the  equation  In  the  model,  it  is  assumed  that  all  the  moisture 
in  the  soil  is  exposed  to  soil  gas  containing  contaminants  and  that  the  gas  and 
the  liquid  are  in  equilibrium  If  it  can  be  argued  that  not  all  of  the  retained 
moisture  is  in  contact  with  sod  gas,  then  mass  estimates  using  total  water-filled 
porosity  overestimate  the  contamination.  The  fraction  of  the  total  porosity 
that  is  filled  with  soil  gas  is  about  30  percent  in  silts  and  about  30  percent  in 
sands  Therefore,  a  significant  quantity  of  soil  moisture  may  be  present  in 
isolated  pores  that  are  not  in  contact  with  soil  gas  or  with  contaminated 
liquids  As  a  result,  the  ‘effective’  water-filled  porosity  that  should  be  used  to 
calculate  mass  of  contamination  may  be  considerably  less  than  the  total  water- 
filled  ponsity. 


Mass  estimates  based  on  equilibrium  assumptions  are  significantly  affected  by 
the  conceptual  model  that  describes  the  dispersion  and  subsequent  interaction 
of  contaminants  with  the  soil  and  soil  moisture.  The  model  developed  from 
the  soil  gas  distribution  in  the  main  plume  at  Site  47  suggests  that  dispersion  of 
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contaminants  <»>.urs  primarily  by  diffusion  in  available  air-filled  pore  space.  In 
this  model,  eq-.hbnum  may  be  established  relatively  quickly  with  the  liquid 
that  comes  m  contact  with  the  contaminant  vapor,  but  equilibrium  may  be 
slow  or  nonexistent  between  contaminated  liquid  and  'oiids.  As  a  result,  total 
soil  mass  calculations  may  significantly  overestimate  contamination  in 
circumstances  where  contaminants  are  dispersed  primarily  in  the  vapor  phase. 

In  any  portion  of  the  contaminant  plume  dominated  by  vapor  dispersion,  total 
contaminant  muss  may  be  less  than  50  percent  of  the  calculated  value,  this 
assumes  that  the  *  >roed  and  dissolved  components  do  not  represent 
equilibnum  cond.t-ons  Total  mass  could  L-  as  low  as  the  mass  contained 
oniy  in  the  soil  gas 

More  than  90  percent  of  the  total  estimated  TCE  plus  PCE  mass  in  tne  vapor- 
dominated  portion  cf  the  plume  is  contained  in  an  area  of  about  1.4  acres. 
Table  2-0  suggests  that  TCE  is  more  widely  dispersed  into  the  outer  portions  of 
the  vapor  dominated  olume  than  is  PCE  (about  92  percent  of  the  PCE  mass  is 
contained  in  0  9  ucresi  Although  mass  cannot  be  calculated  for  total  VOCs, 
total  VOC  mass  is  not  likely  to  be  more  than  10  percent  greater  than  the  total 
mass  for  TCE  and  PCE  The  area  inside  the  1  ppmv  concentration  cutoff  for 
total  VOC  is  about  4  4  acres,  compared  to  3-7  acres  for  both  TCE  and  PCE;  at 
1  ,i)00  ppmv  total  VOC  cutoff,  the  area  is  about  0  3  acres. 

Conclusions 

The  conceptual  model  of  the  main  plume  at  Site  47  has  a  core  zone  of 
contamination  that  is  likely  to  contain  VOCs  both  dissolved  in  water  and 
dispersed  as  free  product  through  the  column  of  soil  underneath  the  degreaser 
and  hard  chrome  plating  pits.  Surrounding  this  suspected  core  zone  is  a  much 
larger  plume  dominated  by  vapor-dispersed  VOCs.  The  horizontal  dimensions 
of  the  core  zone  are  unknown,  but  the  zone  appears  to  be  no  more  than  25  to 
4C  feet  in  radius  around  the  center  of  the  pits.  For  this  main  plume,  the  core 
zone  may  contain  a  significantly  greater  mass  of  contamination  than  the  vapor- 
dominated  plume  sampled  by  most  of  the  borings  drilled  to  date. 

SVE  removal  action  will  be  focused  initially  on  the  core  zone  of  the  main 
plume  The  existing  extraction  well  (VW-1 )  located  about  25  feet  from  the 
degreaser  pit  will  be  used  for  the  removal  action;  the  well  is  screened  over  an 
80- foot  zone 

There  are  six  additional  existing  extraction  wells,  variously  screened  over 
intervals  ranging  from  no  to  80  feet,  that  are  outside  the  500  ppmv  total  VOC 
concentration  surra- *  : figure  2- ll>.  These  wells  will  be  used  for  testing  and 
extraction  in  the  area  outside  the  core  zone,  as  appropriate. 
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Section  3 

JUSTIFICATION  OF  SVE  REMOVAL  ACTION 


As  discussed  in  section  •»  of  the  Genera!  Evaluation  Document,  justification 
of  a  removal  action  using  SVE  as  the  presumptive  remedy  is  dependent 
on  site-specific  information.  The  first  consideration  is  evaluation  of  the 
feasibility  of  applying  SVE  at  the  site,  which  is  based  on  satisfying  criteria 
regarding  contaminant  volatility,  air  permeability  in  soil,  and  depth  of 
significant  contamination. 

At  1C  1,  the  primary  contaminants  are  TCE  and  PCE.  both  of  which  meet  the 
physical -chemical  requirements  to  classify  them  as  volatile  compounds.  A  soil 
gas  permeability  was  recently  conducted  in  1C  1.  The  average  air  permeability 
was  estimated  to  be  39  dairies,  which  is  five  orders  of  magnitude  higher  than 
the  cnteria  of  10  darc*es.  Therefore,  the  soil  is  favorable  for  the  application 
of  SVE  Finally,  as  demonstrated  by  soil  gas  measurements,  the  depth  of  VOC 
contamination  in  the  vadose  zone  is  approximately  100  feet;  this  is  greater  than 
the  threshold  of  5  feet. 

The  second  consideration  is  an  evaluation  of  the  need  for  removal  action. 

(lie  soil-gas  contaminant  plume  underlying  the  main  plume  at  Site  47  averages 
about  1.000  ppmv  TCE  at  a  depth  of  50  feet  below  ground  surface.  This 
plume  is  a  continuing  source  of  contamination  to  groundwater  underlying  the 
site.  In  addition,  screening  risk  analysis  indicates  there  is  potential  for  an 
unacceptably  high  level  of  risk  associated  with  the  observed  high 
concentranons  of  TCE  and  PCE  if  these  contaminants  are  not  removed  (Radian, 
1993c).  This  analyses  has  produced  two  screening  results:  a  cancer  risk  of 
2x10*  and  a  hazard  index  of  1.4x10*.  Screening  generally  overestimates  the 
actual  risk  because  it  relies  on  conservative  assumptions  when  actual  values 
are  not  known  (MITRE,  1993).  Nonetheless,  Che  screening  results  are 
significantly  higher  than  the  generally  accepted  values  for  cancer  risk  (10*  to 
10**)  and  hazard  index  (1)  Therefore,  the  mam  plume  at  1C  1  is  a  candidate 
for  removal  action 

In  nummary,  using  the  criteria  set  out  in  the  General  Evaluation  Document,  the 
main  plume  near  Site  47  at  1C  1  has  been  determined  to  he  a  candidate  site  for 
a  removal  action  using  SVE  as  the  presumptive  remedy. 
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Section  4 

REMOVAL  ACTION  OBJECTIVES 


Scope 

The  removal  action  is  aimed  at  removing  VOCs  from  the  main  plume  at 
Site  47  This  includes  the  initial  exti  ction  of  VOC  from  the  core  zone, 
followed  by  testing  and  operation  of  extraction  wells  in  areas  outside  the 
core  zone. 


ARARs 

Chemical-specific  ARARs. 
Action-specific  ARARs: 
taxation-specific  ARARs: 


As  identified  in  the  General  Evaluation  Document 
As  identified  in  the  General  Evaluation  Document 
None 
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Section  5 

CONCEPTUAL  DESIGN  AND  COST 


Conceptual  Design 

The  removal  action  for  Site  47  at  IC  1  involves  the  use  of  one  extraction  well 
near  the  core  zone  (screened  from  17  to  97  feet  below  ground),  and 
potentially  involves  the  use  of  six  additional  existing  extraction  wells  in  the 
mam  plume  but  outside  the  core  zone.  The  well  near  the  core  zone  reaches 
the  top  of  the  capillary  zone,  thereby  limiting  this  removal  action  to  the  vadose 
zone.  Integrated  groundwater  removal  will  not  be  considered. 

The  vacuum  system  for  Site  4“  entails  the  use  of  rwo  positive  displacement 
blowers,  each  nominally  rated  at  800  scfm  maximum  flow  rate  at  7  inches  of 
mercury  Two  individual  blowers  permit  operating  flexibility  (e  g  ,  cycling 
operation  of  each  well)  and  also  increase  the  overall  system  availability. 
Motor-driven  blowers  also  permit  some  adjustment  to  optimum  flow  rates  at 
the  lowest  practicable  vacuum  levels  (up  to  7  inches  mercury). 

Site  characterization  and  contaminant  mass  estimates  indicate  that  as  much  as 
30,000  pounds  of  VOCs  may  be  located  in  the  cere  area.  Using  recent 
experience  at  the  OU  D  Site  „  '  catability  Investigation,  where  over 
46,000  pounds  of  volatile  contaminants  were  extracted  over  eight  weeks,  total 
project  duration  at  IC  1  would  not  exceed  six  months  and  could  be  complete 
in  as  little  as  three  rr  >nths  The  preferred  option  for  vapor  treatment  would 
therefore  be  the  b-„se  metal,  fluid  bed  catalytic  oxidation  system.  This  system 
c  ould  effectively  accommodate  the  expected  high  initial  contaminant  loadings, 
as  well  as  any  vinyl  chloride  Experience  at  Site  S  also  indicates  that  vinyl 
chloride  is  quickly  removed,  so  if  vinyl  chloride  is  present  at  IC  1,  the  thermal 
system  will  be  able  to  treat  it.  Because  of  the  limited  duration,  changeover  to 
carbon  adsorption  is  not  recommended. 

Cost  Estimate 

The  itemized  cost  estimate  for  remediating  IC  I  is  presented  in  tabic  5-1.  IC  1 
is  located  in  an  industrial  area,  so  utilities  should  be  present  near  the  location 
of  the  SYT  equipment.  Construction  of  a  concrete  pad  is  not  neo  ary 
liecause  the  existing  pad  located  at  the  site  can  be  used  during  the  removal 
action  A  base  metal,  fluid  bed  cara lytic  oxidizer  equipped  with  a  scrubber 
will  be  used  to  control  emissions  and  destroy  the  chlorinated  contaminants. 
Because  the  core  zone  of  the  contamination  is  very  narrow,  a  single  well 
should  be  sufficient  to  remediate  the  site  If  the  contamination  is  not  removed 
within  six  months  of  SVE  operation,  the  additional  existing  wells  (up  to  rix) 

<  an  be  connected  to  the  SVE  system.  If  the  equipment  is  purchased,  the  coat 
ot  the  removal  action  is  estimated  to  be  approximately  $1  million.  Because  of 
the  anticipated  short  duration  of  the  removal  action,  using  activated  carbon  to 
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Section  5 


control  emissions  after  the  mitul  contaminant  ccincentration  decreases  to 
less  than  l.tJoo  ppmv  snuiild  not  be  considered  and  would  probably  not 
be  cost-effective 
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Section  6 

lMPIJtMENTATION  PLAN  FOR  SVT  REMOVAL  ACTION 


The  schedule  for  preparing  the  documents  to  support  an  SVE  removal  action 
jt  JC  1  is  shown  in  figure  6-1  The  1C  1  draft  final  document  was  made 
available  tor  public  comment  on  1  September  1995  This  is  followed  by  a 
5*'-dav  public  review  penod  and  a  lvday  extensor  if  requested,  for  a  total  of 
4s  tin  s  A  4s-duy  period  is  planned  for  McAEB  to  respond  to  public 
comments,  finalize  the  EE  CA.  and  prepare  the  responsiveness  summary  and 
the  action  memorandum  rhe  responsiveness  summary  addresses  public 
comment;  and  the  action  memorandum  is  the  primary  decision  document  fot 
removal  action.  All  these  documents  will  be  placed  in  the  Information 
Repository  and  Administrative  Record. 

A  schedule  ’  r  implementing  an  SVE  svstem  is  shown  in  figure  6-2  to  illustrate 
the  -.equ erce  ot  milestone  events  design,  procurement,  oft -site  equipment 
assemtilv.  installation,  operation,  and  termination  The  SVT  design  will  begin 
after  rhe  date  of  o  >ntn>ct  award  .An  eight-month  design  period  is  planned  for 
the  traditional  design  cycle  of  10.  40.  90.  and  100  percent  design  submittals 
and  reviews  A  one-month  interval  between  the  completion  of  the  design  and 
the  beginning  of  equipment  installation  is  allowed  for  equipment  procurement 
\  three  m<>n:h  penod  is  planned  for  equipment  assembly,  which  can  be  done 
off-siie.  and  a  one-month  period  is  planned  for  on-site  installation  The  period 
of  operation  will  be  determined  as  pan  of  the  penodic  reviews  of  SVE  system 
performance,  currently  se*  for  six-month  intervals 

The  SVE  removal  action  for  1C  1  is  pan  of  a  hasewtde  removal  action  including 
five  areas  1C  1.  IC7.  OU  Cl,  OU  D/ Site  5.  and  OU  D/Site  3  SVE  equipment 
will  t»e  installed  sequentially  ar  these  sues  rather  than  at  all  sacs  concurrently 
M<  At  H  has  not  developed  an  integrated  schedule  for  all  five  areas,  but  intend* 
so  Man  the  SVE  system  installation  for  the  last  of  these  five  areas  before 
1  t.ktober  1994 

Me  AEB  is  not  liable  for  delays  in  any  planned  activity  in  the  event  of  Fixce 
Mateure,  which  is  an  unforeseen  condition  as  described  in  the  Interagency 
Agreement  among  the  Air  Force,  Region  9  of  the  U  S.  Environmental  Protection 
Agency-  and  the  state  of  California 
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GLOSSARY 


Chemical  Codes 


ACE 

acetone 

BRME 

bromomethane 

BUTADIEN 

1,3- butadiene,  erythrene 

BZ 

benzene 

BZLCL 

benzyl  chloride 

BZME 

toluene 

C8N 

n-octane 

CHLOROPK 

2-chloro 1 ,3-butadiene 

GLBZ 

chlorobenzene 

CLEA 

chlomethane 

CLME 

chloromethane 

CO 

carbon  monoxide 

era. 

carbon  tetrachloride 

CYHEXANE 

cyclohexane 

DCA11 

1 , 1  -dichioroethane 

DCA12 

1 ,2-dichk>roethane 

DCBZ12 

1 ,2-dichlorobenzene 

DCBZ13 

1 ,3-dichlotobenzene 

DCBZ14 

1 ,4-dichlorobenzene 

DCE11 

1 , 1 -dichloroethene 

DCE12C 

cis- 1 ,2-dJchloroethene 

DCE12T 

trans-1 ,2-dichloroethene 

DCP1JC 

Os-1 ,3-dichloropropene 

DCP13T 

trans-1, 3-dichloropropene 

DGPA12 

1 ,2-dkhloropropanc 

EBZ 

ethylbenzene 

EDB 

1 ,2-dibromoethane  (ethylene  dibromide) 

FC11 

tnchlorofluoromethane 

PCI  13  or 

FI  13 

1,1 ,2-trichloro- 1 ,2,2-trifluoroethane 

FC12 

dichlorodi/luoromethane 

PCI  14 

freon  114,  dichlorotetnfluoroethane 

MTLNCL 

methylene  chloride 

MVC 

vinyl  chloride,  monovinyichloride 

NOx 

nitrogen  oxides 

PCA 

1 , 1 ,2,2-tetrachloroethane 

FOE 

tetrachloroetbene 

PROP 

propylene,  propene 

SOx 

Sulfur  Oxides 

STY 

styrene 

TBME 

bromoform 
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GLOSSARY 

TCAlll 

1 , 1 . 1  -trichloroethane 

TCA112 

1,1,2-trichloroethanc 

TCB124 

1 ,2,4-irichiorobenzene 

TCE 

tnchloroethene 

TOME 

chloroform 

TMB124 

1 ,2,4-trimethy  lbenzene 

TMB135 

1,3,5-trimethylbcnzene  (mesitylene) 

IM 

unknown  compounds 

VC 

vinyl  chloride 

XYLMP 

m,p-xylene  (sum  of  isomers) 

XVLO 

o- xylene  (l,2-dimethylben2ene) 

XY1P 

p-rylene  ( 1 ,4-dimethylbenzene) 

General 

ARAB 

Applicable  or  relevant  H  appropriate 

requirement 

cfm 

Cubic  feet  per  minute 

EE/CA 

Engineering  Evaluation-Cost  Analysis 

EPA 

U.S  Environmental  Protection  Agency 

IAG 

Interagency  Agreement 

1C 

Investigative  cluster 

OtP 

Installation  Restoration  Program 

IWL 

Industrial  waste  line 

rwrp 

Industrial  wastewater  treatment  plant 

MCAFB 

McClellan  Air  Force  Base 

CHJ 

Operable  Unit 

ppb 

parts  per  billion 

ppm 

parts  per  million 

ppoir 

pans  per  million  by  volume 

PRL 

Potential  release  location 

tcfin 

standard  cubic  feet  per  minute 

SVE 

Soil  vapor  extraction 

SMAQMD 

Sacramento  Metropolitan  Air  Quality 

Management  District 

TOC 

Total  organic  carbon 

TRC 

Technical  Review  Committee 

VOC 

Volatile  organic  compound 
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